. The quinol oxidase activity with tetrachlorohydroquinol was inhibited by potassium cyanide and 2n-heptyl-4-hydroxyquinolein-N-oxide with I 50 of 24 and 300 µM respectively. Our results demonstrate that the bo 3 oxidase of this mutant is not the product of a new operon, but instead is a cytochrome aa 3 apoprotein encoded by qox operon of the aa 3 oxidase of B. cereus wild type promiscuously assembled with hemes B and O replacing heme A and producing a novel bo 3 cytochrome. This is the first reported example of an enzymatically active promiscuous oxidase resulting from the simultaneous substitution of its original hemes in the high and low spin sites.
INTRODUCTION
Bacteria have exploited unique terminal oxidases depending on the natural habitats and their modes of aerobic metabolism (1) . In most cases, there is more than one terminal oxidase, so that the respiratory systems of bacteria are branched.
According to the nature of the electron donor two types of terminal oxidases can be readily distinguished: the cytochrome c oxidases and the quinol oxidases (1).
Additionally, terminal oxidases contain different heme prosthetic groups that have provided a customary way of identification (i.e. aa 3 , bo 3 , caa 3 , bd, cbb 3 , ba 3 ). However this classification is further complicated by the fact that under specific culture conditions (2, 3, 4, 5) or as result of mutations (6, 7, 8, 9, 10) , bacterial oxidases can be promiscuously assembled, accepting a different heme group to that present in its original structure. A single heme substitution (O replacing B) has been reported in the low spin heme site of cytochrome bo 3 of over-expressing strains of Escherichia coli resulting in the assembly of a functional cytochrome oo 3 . Noteworthy, the heme of the binuclear O 2 reduction site was invariably heme O (6) . Moreover, the substitution of heme O by heme B in the binuclear O 2 reducing site in E. coli cyoE-deleted strains (cyoE encodes for farnesyl transferase that converts heme B to heme O), results in an inactive cytochrome bb 3 enzyme (10) . Similarly Zikermann et al. (7) reported that in Paracoccus denitrificans ctaB-deleted strains (the ctaB gene is an orthologue of cyoE), a bb 3 variant of bo 3 oxidase is enzymatically inactive. Examples of heme substitutions in the high spin heme site producing functional enzymes have been reported in several bacterial species, for insertion of hemes B and O in the low and high spin sites respectively of the original aa 3 -quinol oxidase apocytochrome. On the other hand, a functional promiscuous equivalent was not detected for the caa 3 -apocytochrome in the PYM1 strain, thus suggesting that double heme substitution producing active variants is not a general case among oxidases. The molecular and the kinetic properties of the promiscuous bo 3 -oxidase were analyzed and compared with those of the original aa 3 -oxidase. reported earlier, with minor modifications (21, 22) . This procedure consists of a bile-salt extraction (sonication) of membrane particles, followed by a 4% triton X-100 solubilization of the resulting membrane residues and a 30% polyethylene glycol 6,000 spectrophotometer. The sample was scanned twice between 400 and 750 nm (using 500 nm as the reference wavelength) and the difference plotted to obtain the baseline.
EXPERIMENTAL PROCEDURES
The frozen sample was then photolysed with three flashes of a photographic flash placed a few centimeters away from the window of the cuvette, and then the postphotolysis spectrum was obtained. The photodissociation difference spectrum of heme-CO compounds was obtained by subtraction of the pre-photolysis spectrum from the post-photolysis spectrum (23, 24) .
Electrophoretic and Western Blot Analyses. To decrease Triton X-100 content in purified preparations of cytochrome bo 3 -like, samples were passed through a 0.3 cm x 5
cm Bio-Beads SM-2 column (Bio-Rad) at 4°C. SDS-PAGE was performed using a 10 to 16% gradient of acrylamide containing 2% SDS, as previously described (16 (Fig 1A) . The CO-difference spectrum of the dithionite reduced preparation ( Fig 1B) and its HPLC analysis (Fig 1C) confirmed the presence of cytochrome bo 3 -like in the purified preparation. A concentration of 11.5 and 12.4 nmol mg protein -1 for cytochromes b and o respectively, were calculated from the dithionite reduced minus air oxidized difference and the CO-difference spectra, respectively (Table I and II) . These results strongly suggest a mol-to-mol ratio between cytochromes b and o in the bo 3 -like oxidase of B. cereus PYM1. The results of the purification are summarized in Table I . The chromatographic behavior described for the cytochrome bo 3 -like of PYM1 strain was similar to that previously described for a cytochrome aa 3 of the wild type strain (21, 22) .
Characterization of the bo 3 -like oxidase from Bacillus cereus PYM1. SDS-PAGE analysis (Fig 2A) immunoblotting analyses using anti-aa 3 antibodies. As shown in Fig. 2 , the two bands present in the SDS-PAGE ( Fig. 2A) reacted to the anti-aa 3 antibodies (Fig 2B) . These results suggest that the apoprotein present in the purified cytochrome bo 3 -like from PYM1 strain is in fact the apoprotein from cytochrome oxidase aa 3 . Importantly, coomassie staining and western analyses were consistent with a 1:1 stoichiometry (Fig   2) .
N-terminal sequence. To further confirm the identity of the purified bo 3 -like oxidase, the N-terminal sequences of the 51 and 30 kDa subunits of both, wild type aa 3 -and PYM1 bo 3 -oxidases were determined and compared. We failed to sequence the major subunit of both enzymes because their N-terminal ends were blocked. By contrast, the sequence found for the N-terminal ends of the 30 kDa subunits of both, cereus.
Photodissociation Spectra Analyses. CO-complex spectra (as in Fig 1B) reveal all CO-reactive hemoproteins, including hydroperoxidases and globins as well as putative oxidases. Terminal oxidases in general, exhibit relatively slow CO recombination kinetics at subzero temperatures. Accordingly, the dissociated CO is trapped by a Cu proximal to the heme Fe to which CO has been attached (6) allowing the recording of the photodissociation spectra. Here the cytochrome bo 3 -CO complex was photodissociated at 77 K according to experimental procedures. The resulting spectrum showed troughs at 415, 553 and 563 nm; two peaks were present, a prominent peak at 430 nm and the other at 557 nm (Fig 3) . These absorbance maxima arise from the generation of the unligated, reduced cytochrome following dissociation of CO. The spectrum was stable with time, indicating a negligible slow recombination of CO at this cryogenic temperature. Such spectral features and a slow CO recombination kinetics have been reported for cytochrome bo 3 in E. coli (24) , and cytochrome bo 3 -like of B.
cereus (17) where the half times for CO recombination at 168 K were 47 min and 22 min, respectively.
Catalytic activity. Pure preparations of cytochrome bo 3 were able to oxidize quinol To our knowledge, this is the first report of an active promiscuous oxidase resulting from the simultaneous substitution of its original hemes in the high and low spin sites. Therefore, it is highly relevant that the bo 3 -like oxidase purified from B. cereus PYM1 strain was in fact a promiscuous oxidase related to the original aa 3 enzyme, previously characterized (21). This conclusion is supported by their similar oligomeric structure, the inmunoreactivity of the bo 3 subunits against the B. cereus aa 3 antiserum and more importantly, the identical NH 2 -terminal sequences including the first 19 residues of the 30 kDa subunits of both enzymes.
According to the spectroscopical analyses ( Fig. 1 and 3 ; Table I promiscuous oxidase where heme B is replacing the original heme A in either, the low or the high spin sites. The hidroxy-farnesyl-ethyl group of heme A, in the low spin site, is almost in the extended conformation acting as an hydrophobic anchor held by the helical structure of the enzyme (30, 31) . This interaction is an important structural feature that seems not to be crucial for the activity of the PYM1 promiscuous cytochrome bo 3 .
The wild type strain of B. cereus contains two terminal oxidases bearing heme A:
cytochromes aa 3 and caa 3 (21, 22) . Once solubilized from membranes, these cytochromes are readily separated each from other by an anionic exchange chromatography step because the caa 3 enzyme is not retained by the column (22 Figure 1 by guest on November 15, 2017
